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JULY. 1963.

.A291PAX. M32ME ILABOLTORY

POEM1 P02.6. MARK VII NUIlID.
ADCRMTWETS I.

The engin tested was a turbooharged version of the Mark VI enine
(No. 4%14). See AJ.L. Reports Nose 365 and 369. After conversion at
the maker's works it ompleted 157 hours running before delivery to the

All major wearing components had been renewed except the main
bearing @hell& and camshaft bearings. The single helica geSaring was
replaced by straight spurl now pert of the build of the Mark VI
production engines.

In order to avoid the thermal failures experienced in the Mark IV
test (i.B.L. Report No- 363) the fuel stop had bean set by the
manufacturers at an acceptable limit.

Because of the results of the endurance test of the Mark VI enine
with OND.112 lubricating oil (A.B.L. Report No- 369) it was agreed that
Shell Rotolla, TOO0 be used for these tests.

Vertioal two-stroke, direct injection, compression ignition engine,
exhaust turbo-charged and interooolod, with mechanioal superobarger, in
serie.

6 cylinders in Line 3o62" (92 use) bore x 4.730(120 an.) stroke.

Maker's Rating (intermittent marine) 220 bh.p. at 2,000 repome

Admiraty Test Ratng (marine):- 186 behope at 1,800 repo&*

Averge Fel verage Lubricating
test Averageio Exas Oil Consumption

.b.h.p,/br. She'A. ./r 9Fe

72 hours at 9% A.T.R. 0.371 C 0.28 0.Jg3

12 loco 0.368 C -

2 11og 0.370 as-



2s

rep.m. b.h.ps bem.oep.

Loop Test 1,0 44.2 - 171.7 40 - 155

* 1,600 47.2 - 182.9 40 - 155

1 1,800 33.1 - 210.0 40 - 159.6

U 2,000 59.0 - 221.5 40 -150

2,100 62.0 - 232.o5 0 - 150

Por results see Tables I - 8 and PJigs. i - 6.

72 horns at 9% A.T.R. 1,800 repose t76.7 b.h.p. 133 pos.i. b.mse.p,

12 v " t00 a 1,800 " 186,0 14 "

2 " 110% u 1,800 " 20.6 b.h.p. 13 0

TUST PrO0C 13.

The ongiye was installed "a reoeived, solid mounted on a tot bed
inclined at 1,0 to the horizsontal and ocupled through a cardan shaft to a
Nemn & Proud* DPZ4 D dynamometer. Distilld water was used &n the ooolant
circuit. Raw water inlet temperature was variable between 587 and 8307.

Fuels s.G. at 60*1 - 0.8356

cetate No. - 59

ulbur - 0.91%

I4brioating Oils Shell Rotella T.0.
(Par analysis -e Table 9).

M MT ARhUM9 DWING 1W.

A leake at lubricating oil from the oamhaft rear bearing Into the
teohometer generator aused failwe of this unit. No other defects occurred.

The construction and all m.in eomponents of the Nart V11 engaie tested
were Identical to the Mark VI eengin, the principal modification being the
aditiLn of the Holoot Model 4 turbo-oharger with a twa-entr7 exhaust
nanfold and air-charge interoooler mounted over the heat eahbaoer at the

LR. side ot the engne (see lrontispieoe). A modified small-end bush
thich gives larger bearing area by the elimination of the intenal oil way

to supply piaton cooling oil was fitted to the new connecting rods. he
piston oil mupp1y Is now fed from the outside at the mall-end bush. A
Inore"ad oapacit sea water pip was also fitted, Ien off the front end
Of the eamehat.

The lHoloet turbo-charger (see P 8 .17) coasists of an Integral turbtie
wheel and reaft to which is swred the compressor rotor. The rotating
unit Is carried in a centrally mounted eore assebly with two engine oil
pressure fed slseve bearings whiah are fuly floating. Piston-ring oil
seals are fitted outboard at each boalrg.



3.

Aoosibilitv.

Accessibility for routine maintenance is reasonable. The exhaust
manifold is inacoessible without "emoving the charge ooler, hoat
exchanger and heat shield. An exhaust gas leek was experienced at the
joint marrying the two-piece manifold which was not readily visible until
the engine was stripped, A piston ring seal is to be fitted at this joint
before commencing the Pert II test.

Stripping the ongine for major overhaul is comparabl, to the Mark IV
eninse. One meohanio and one labourer can strip the engine when it is
mounted in an overhaul stand in 8 - 10 hours, rebuilding takin 14 - 16 hours.

No difficulty was experienced when starting the engine at normal
ambient temperstures.

It is intended to subject the engine to cold starting tests after the
completion of the Part III test.

1low Runnlw.

The enime will idle satisfactorily when war= down to 320 r.p.m.

Vibration and Noise.,

No undue vibration was experienced at any of the test speods. The
noise level appeared considerably loss than the Mark VI ongine and the
exhaust noise level with the silencer supplied by the makers in series
with the test oall arrangement was just audible.

0010ustion.

The combustion oharacteristics of the engine are good, as shown by
the condition of the exhaust ports and tarbo-charger. Sh dn of the
exhaust was not visible below 120 posei. bonoe.p. at any of the test speeds,
and sensible shading was only noticeable at the maximum fuel stop position.

Inbrigating Oil.

Samples of the Shell Rotells T.30 lubricating oil were analysed by
A.O.L. and results given in Table 9a Shell International Petroleum Co.
Ltd. also analysed a final sample with the following reosult:-

Viscosity Redwod I at 14001 (soos.) 233
Insolubles in n.Heptan ( wto.) 1,6

a in Bensen wt.) 1.0
T.B.N.Z. ag.ZWE/. 3.2

They comented as follows:-

"The appreciable increase in viscosity and significant difference
between the n.Heptans and Bensene Insoluble& point to appreciable oxidation
of this oil chargo We would, however, be able to make more useful coments
on oil deterioration in this engine vhen we have examined a series of samples
from an endurance run'.

Codition After Test.

The condition of th e on after test reflects the thermal limitation
of the piston and =al end assembly. Their appearance shows definite
indications of overheating of the gudgeon pins and the eyes of the conneoting
rods The lacquer gase present on the lnr and pistons is also thought
to be due to their high temperature combined with luabrioating oil oxidation.
(See Table 9). Oxidation o the oil may be in part attributable to the
turbo-oharger, in hich hot compressed air is bled into the bearing oil space



to prevent Sao leakage. This could lead to foaming of the oil in the
return pipe and oxidation.

It was observed that the pistons appeared to be hotter at the drive
end of the engine remote from the oil feed. An increase in the main oil
flow should improve this condition.

The condition of the cylinder heads was in general satisfactory,
observing that the hea&s of the Mark VI engine showed some distress after
the endurance test (see A.E.L. Report No. 369). The wear (0.00030 max.)
experienced on the gudgeon pins wa acceptable for the loadinS and hours
run to date (309) and shows considerable improvement hehn compared with
the Mark IV and Mark VI engines. No other major component showed
appreciable wear, exept the top of the valve stems indicating the non-
rotation of the valves.

The condition of the Roots blower, partiall stuck at the end of the
test, was attributed to the effect of the high air temperature on the
grease used in assembly.

The condition of the Holset turbo-charger was satisfactory and
reflected the clear combustion condition of the engine exhaust. The
injector needles showed evidence of blow-by which was considered to be
due in peart to the loss of setting pressure probably due to spring
settling, It was established that the nossles had not been re-set
since they were ini+ally fitted and had been in use for 309 hours.

Three non-ferrous prototype calinder heads with insert valve seats
and valve rotators are to be introduced for the Part 13I test. The
lubricating oil flow rate is to be increased. A more efficient inter-
cooler is to be tried in order to reduce the inlet air temperature.

i, The turbo-charging of the Mark VI enine has considerably inoreased
its power and improved the power/weight ratio. It can be reco nended for
Admiralty service for a 125 W generator application.

2. This engln requires a high quality lubricating oil.

3.J. Watts, Sen.So.Asst.

E.. loster, So.Asst.

SubmitteA by W.H. Ray, P.8.O.
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SPCaIrATION AND COMP-0= R3PO1T.

Maker: Messrs. Podens Ltd., Sandbaoh, Cheshire.

Type: Vertioal two-stroke, direot injeotion, compression ignition
enami, exhaust turbo-oharpd and interoooled with meohanioal
supercharger in serie.

Type No.: F.D.6. Mark VII.

Purpose: Vehicle and Marine propulsion. Generator duties.

Maker's Continuous Rating: 200 bohop. at 2000 rop.n (B.S. 2953).

Admiralty Teat Rating: 186 bohop. at 1800 rep.o

No. of Cylinders: Six.

Bore: 92 mm- 3.622" a*

Stroke: 120 m. 4.72"

Total Swept Volume: 4.8 litres. (293 cuoins.).

Compression Ratio: 14 : i approz.

Piston Speeds 1575 ft./min. at 2000 r.p.m.

FiringOrder: 1, 5, 3, 4, 2, 6.

Lubrioating Oil Capacity$ 5 gal.

Rotation Looking on Free Ends Clockwise.

Timinas:
Inlet Port opens 430 befor B.DoC.

" closes 43 after B.D.C.

Exhaust Valve opens 80 0 before B.D.C.
c closes 42 after B.D.C.

Injection (static) begins 290 before T.D.C.

Tappet Clearances 0.010" (cold).

Overall Dimensions: Length 4' 3j"
Width 2' 7"
Height above crankshaft 2' t
Depth below onnkbaft 1'

Weights 1680 lb. (dry) without gearbox.

Wt.A.h.p. at 200 b.h.p. rating 8.4 lbo
Wt,/ou.in/Swept Volume 5.74 lb.
behope/titre 41.7 at 200 b.hope rating.
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72 0.flSHWI 2131WT. 9% A.T.R. 176.7 b.Lp.- 133 P-9.1. b-m-s-P. 1I00 r-P-u.

Ist 2d 3rd 72

ATM"* 214 Hews 24 Heurs 21. Heurs Heirs

Vial CorM91ie lb. /bbhp. /It. .372 .371 .371 .371

Fxhoust Saftd C C C C

H~ain Prssue M.1. 41 42 42 42

LabrioatIr Oil Twg6 O in 232 230 229 230
ot23 242 21.2 21.2

Coolant Tow.Or In 159 158 155 157
OlAt 170 169 166 168

In 76 78 74~ 77Ro Water Top. Of ou of Inteuooor as 85 82 8
Out of mat Exahaw 120 120 116 119

Tirtine rsam Pross. a%. 17.0 16.7 16.7 16.8
Eidmaat

05 mm s?GNP. O 699 6w7 696 697
ot Pro&. $NO Li.6 146 4,6 4.6

apad r.p.a. 47.520 47.i21 47,333 47.iA6

Twrtoamr Iata'Ioatirg Oil Press. p.5.1. 55 55 55 55

T mp.*P. 79 76 77 76
Dip. @20 (PI) 6.1 5.9 5.9 6.00

C a Sor Out Yinepo 189 186 186 187
Air I

Proms Ratio P2/PI 1.55 1.54 1.54 1.51.

______Air nes *.t.x 520 517 517 518

in Tp.P 118Il 116 114 116
Presa.'t(PI) 15.8 15.5 15.4 15.6

Roots Blow 3ou04Ai
Two. Of 176. 173 173 173
Press. 1%. 25.7 25.3 25.2 95.1

hiiileTepratreP ___7 73 72 73

ori * 29.54-30.38

Oil c9~ 100i 1a pints. 1969 Th. 0.28 ib./It. 0.iaS hsle



12 HOMP EMMUE ??. 1OC A.T.R. 186 b.69. 140 p.sf. b.ae.p. 100 rpm

lIst 2d 3rd 12Averag 4 Hours 4 Howe 4 Hurs ow
uol Conumptlon Db./b p./r. .369 .367 .367 9.6

Eimmat mie c c c c

ain Pressure pa.. 42 41 42 49

Lurioatiq Oil Tap ,  In 230 236 231 232
out_2___249 tWs W

?n 156 160 154 15'
Ccatsat Oar 165 171 166 167

in 69 76 7 72
Raw watr. Top.° out of interooolor 77 81 77 79

out of Beutz emer 113 120 114 116

In MMi TwuoF 8%6 890 em7 HITurbine M Prw.'Ug. 17.5 17.*4 17.5 17.5

O t Mn Tp.°r 714 727 717 719
______ Pt O&A'2 4.8 4.9 4.9 4.9

spd r.p.m. 48,.3 48,513 47,75 48,24
Tmurbo-ouwr Iubrioa r Oil Pro". ps. i. 55 55 55 55

In Top.P r so 87 a1
Dest. '320 jPf) 6.2 6.2 6.2 6.2

compm out fv. O 195 203 19 197
Air

Prma. Ratio P2/Pt 1.57 1.57 1.57 1.57

Air now a.t.m. 320 5" 518 52

In T"P 115 122 115 117
PrRoot sl. 0(P ) 16.4 16.3 16.3 16.3

out T1emp 1O 17 175
_______prm.a.'. 26.3 26.0 m6.2 VA.2a

Aient Tmrture OF 73 81 7 76
"rmote 1%. ^000-304%11



2 RUS LAD T.11 A.. 206.6 b.Lp.D 154. pSaVl. beu~oop. IBM0 rep.M.

Averup lot Mowr 2zd "or 2 Hours

Mit Comog.ption lb. /b.b6P./hr. N369 .371 $7

L&r~aTaoOi ?.o? In 21I2 21.2 a

In 73 73 73
RA Wers Toup.~~ OF 01at ofinteroeor 82 2 OR

Out____ ~ at at etobonge 120 120 120

TAta n H IaTO.OF 9u ~ 94 94
ltsn Pr"oevm ls 19.1. 19.6 19.5

ON~ 1bTo.Or 763 763 6
__111;_ pro"a iO SAb 5 5.1.

speed repo&. 51.360 51.7 5" slow

TuO"Mma Idroatiuig Oil Prima p.&.I. 54 54 54

Dep. v12 (PI) 6.6 6.9 6.9

Air
Prowe. Ratio PM/P 1*24 105 02

__________________Air Flow Shtfu 55p 551 M5

r"&u.(pa) 19.0 19619 19.2
Recta Dims' DBs Aktprto S S

oat_____ ftoam.f. a". 2,0 16.6

Iues, tulpwmtuaz 79 00 go

9umW oil&0.0



TABLE 9.

MMLL ROTLLA T LUBa,.aICATI. OIL ANALYSIS.

Hours Run by Sample Unused 152

Flash Point *F. "5 4.35

Viscosity K.lmatio at 10001 om. 111.6 172

Pentane Insolubles % 0.35

enes Insoluble& % 0.24

jgIpIfl (Eieotrometric Titration)

Initial yf[ 8.2 5.5

Total AolA Number pHil mg.K=/g. 1.02 4.1

Total BaseNumberp y 4. " 0 8.6 0.85

Carbon Residue (Rasbotton) % 1.31 2.66

Sulphated Residue % 1*143 1.79

Water % NLoe than

A.O.L. Regerenoe No. 407/62 660/63
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A.E.L. REPORT NO 375.
FRONTISPIECE.

FODEN F.D.6. ENGINE.
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A.E.L. REPORT NO.375.
FIG.S.
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A.E.L.REPORT NO.375.
FIG. 10 & I

FIG.IO. REMISENTATIVE EDHAMS VALVES.

FIGAI. VALVE STEM ENDS.



A.E.L. REPORT NO. 375.
FIG.12.

1 2 4 56

FIG.IZ. INJECTOR NEEDLES.



A.E.L. REPORT NO. 37S

FIG.13 & 1.

FIG.15. TURBINE CASING NOZZLE RING AND WHEEL

FIG.14 TURBINE HOUSING.



A.E.L.REPORT NO.375.
FIG-15 & 16.

FIG.15. COMPRESSOR ROTOR AND HOUSING.

FIG.16. COMPRESSOR EXTENSION.



A.E.L. REPORT NO. 375.
FIG.17.
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